In seven patients with complete A-V block of long duration (five suffering from Adams-Stokes attacks), the cerebral blood flow was found to be significantly decreased and there was also moderate slowing of the electroencephalogram. Artificial pacing increased the heart rate from 39 to 72/min. Postoperative studies showed that in six of the seven cases the cerebral blood flow had increased and that the mean spectral frequency of the EEG had increased. In two patients follow-up studies suggest that the normalization of the EEG and cerebral blood flow may take some time to develop fully. The changes in EEG and cerebral blood flow paralleled the clinical improvement which accompanied the pacemaker therapy in all the patients.
SEVERAL AUTHORS have demonstrated
that cardiac arrhythmia may have a profound effect on the systemic circulation as a whole.lA Disturbances of the heart rate and heart rhythm, due to atrioventricular block (A-V block) for example may also induce cerebral symptoms such as syncopal-convulsive episodes, as described by Adams and Stokes.5, 6 The treatment of an irregular heart rhythm by implantation of an artificial pacemaker has proved successful in relieving such syncopal symptoms. [7] [8] [9] The purpose of the present study was to measure the effects of pacemaker therapy on Heart rate ECG Blood presssure the cerebral blood flow and EEG in patients with A-V block.
Methods Seven male patients with complete A-V block and Adams-Stokes syndrome were studied with measurements of regional cerebral blood flow (rCBF) and EEG before and after implantation of an unipolar intracardiac pacemaker.* The ages of the patients varied between 60 and 77 years (mean, 69 years). The interval between the operation and the second examination varied in six cases between 2 and 17 days. In one patient (H. S.) the EEG and rCBF were recorded immediately before and within a few minutes following the start of the artificial pacemaker. This patient also underwent a third study about 6 months later.
The duration of the A-V block prior to the determination of first cerebral blood flow and EEG examination varied between 6 months and 9 years (mean, 3 On re-examination only a few minutes after the onset of artificial pacing, one patient (H. S.) was found to have a slight decrease of gray matter rCBF (from 68.3 to 57.7 ml/100 g/min), although the cardiac output increased from 3.6 L/min (without pacemaker) to 5.0 L/min (with pacemaker). A third rCBF study in the same patient 6 months later showed a significant increase above the preoperative blood flow values (from 57.7 to 69.9 ml/100 g/min). All six patients showed an increase in hemisphere rCBF averaging 5.6 ml for gray rCBF (+ 9.3%), 0.7 ml for white rCBF (+ 3.8%) and 3.7 ml for the average hemisphere rCBF (+ 9.2%). These mean values refer to the raw rCBF data, not corrected for Pco2. This does not imply that the primary values from rCBF measurements are not correct. It is not possible, by using regional CBF measurements, to subject the blood of the same regions to gas analysis. As the regional PCO2 cannot be measured, and as regional Pco2 alterations may be conceived to occur inde- Analysis of the EEG curves before and after the onset of pacemaker therapy showed a shift in the frequency histogram toward the normal pattern in six cases, that is a decrease of the slow wave content and an increase in fast activity ( fig. 1 ). An increase of the EEG index was noted in the postoperative stage in four cases and a decrease in two ( fig. 2) . One of these cases (S. J.), however, shlowed in the preoperative record a regional abnormality, vhich disappeared in the postoperative record. In the third EEG about 212 years later the frequency index had risen above the preoperative level, that is from 9.6 to 11.2. In table 2 the results of the EEG analyses anid the rCBF measurements are shown together. Thus the postoperative increase of the EEG index wvas shown in all patients but one. The increase of the group mean value was, however, statistically not significant. If the total activity time through all frequency classes was calculated (= the area of the histogram) and the difference between preoperative and postoperative spectra was tested with a x2 test, then the result X2 = 71 (df* -18) turned out to be highly significant (P < 0.001). The difference was essentially, but not exclusively, due to the increase of EEG activity within the 10 cycles/second frequency class. The same test carried out for the same patients individually (to test the homogeneity in preoperative and postoperative spectra) gave a total X" ' 300 (df = 108), also a highly significant value.
The correlation between EEG index and rCBF (calculated for differences between preoperative and postoperative values) showxed higher coefficients (maximum r= 0.57) for Pao.,-corrected rCBF values than for raw values (maximum r-0.34). These values wvere, however, beyond the statistical significance.
The correlation between the gray flox of the rCBF and EEG index showed to be closer (maximum r = 0.57) than the correlation between noncompartmental rCBF, calculated as *df = degree of freedom.
the "10-minute area" value (maximum, r-0.46). There was no correlation between EEG index and white rCBF raw values, but a trend of positive correlation to PacO2-corrected values.
Clinical Results
The clinical results of the pacemaker therapy were evaluated objectively and subjectively as seen in table 1. The heart rate increased by means of artificial pacing from a mean of 39 to 72/min. In one case (H. S.) the abnormally enlarged heart volume decreased significantly following pacemaker therapy (610-> 440 ml/m2 of body surface), but the group means did not show any significant difference. In one case the cardiac minute volume was measured immediately before and after the starting of the pacemaker. The cardiac output had increased from 3.5 to 5.0 L/min. The average systolic blood pressure in the group and corresponding standard deviation decreased from 182 ± 47 mm Hg preoperatively to 146 ± 12 mm Hg with pacemaker. The diastolic blood pressure did not change significantly.
The group mean values of Paco2 and hemoglobin content were essentially identical before and after implantation of the pacemaker. Only one patient (S. J.) had a significant increase in hemoglobin (14.6 to 16 g%) postoperatively. This patient showed a delayed increase of the EEG index postoperatively.
It seems to be a common experience that the patients with total heart block, when treated with artificial pacing, show progressive somatic as well as mental improvement.iS This was evident in the present material. The improvement was pronounced in one patient, in three it was substantial, and in three slight. All patients had subjective relief and an increasing sense of wellbeing after institution of pacemaker therapy.
Syncopal-convulsive symptoms did not occur during artificial pacing.
Discussion
The main finding of this study is that patients with complete A-V block appear to Circulation, Volnue XXXIX, April 1969 PACEMAKER, CEREBRAL BLOOD FLOW AND EEG suffer from a decrease of cerebral blood flow and a slight slowing of the EEG, and that these two functions tended to be improved by pacemaker therapy. Parallel to this trend general clinical and subjective improvement of all the patients was observed.
The first point to be discussed is the possible role of age in this group of elderly patients. While EEG changes in old age have been reported in a number of investigations, no report on the regional cerebral blood flow in patients treated with complete A-V block has been published.
Obrist and Henry2l in 1963, correlated EEG changes with cerebral blood flow studies and oxygen consumption in healthy elderly volunteers and in 20 aged psychiatric patients. They found that the values of average hemisphere cerebral blood flow in aged controls did not differ significantly from those of younger adults. The psychiatric patients, however, had a lower cerebral blood flow and also a lower metabolic rate for oxygen. In another study22 the same authors showed that the occipital alpha rhythm was significantly slower and the incidence of deltaactivity was greater in elderly patients with cardiovascular disease than in normal subjects of the same age. One possibility would be that the cardiovascular abnormality in the present cases had affected other organs of the body, such as the kidneys or the liver and that the brain was affected secondarily by renal or hepatic insufficiency. This explanation does not seem to be a likely one since none of the patients showed signs of renal or hepatic disorder.
A second explanation would be that the preoperative decrease of cerebral blood flow and slowing of EEG could have been due to small "subclinical" ischemic cerebral lesions, possibly suffered during the Adams-Stokes attacks. It is known that focal cerebral lesions may be followed by such a general decrease of the cerebral blood flow.23, 24 Although this possibility cannot be ruled out completely, it does not seem a likely one, since all patients showed normal neurological findings, and furthermore, since the reducCirculation, Volume XXXIX, April 1969 tion of CBF and slowing of the EEG were in general found to be reversible.
The third possibility is that hemodynamic factors, such as a low perfusion pressure in the central nervous system, partly created by the cardiac arrhythmia and especially by the very low heart rate, could have caused the diminution of CBF. This condition would then have "exhausted" the normal autoregulatory capacity of the cerebral vascular bed and, hence, caused a slight diminution of the cerebral perfusion. It seems, in fact, possible also that a combination of different causative factors could have been responsible for the development of a chronic encephalopathy in patients with complete A-V block. Frequent Adams-Stokes attacks could have caused prolonged sequences of cerebral anoxia with long-lasting effects on the neuronal metabolism. To this would be added the systemic effects of bradycardia and decreased cardiac output. Following artificial pacing an increase of the heart rate and a considerable improvement in cerebral hemodynamics takes place. At the same time the anoxic attacks are avoided. As a result, there will be a successive improvement in cerebral blood flow, neuronal metabolism, and the EEG. It should be pointed out, however, that in spite of the improvement observed, the rCBF values remained subnormal postoperatively.
In this context emphasis should be given to the case of H. S. who was studied a few minutes after the start of the pacemaker and then re-examined 6 months later. This unique observation indicates that there were no dramatic changes in either the EEG or the cerebral blood flow, when the heart rate was acutely increased at the onset of the pacing. A slight decrease of the cerebral blood flow was in fact shown to take place. At the same time a small drop in the systemic blood pressure was observed. On re-examination 6 months later (table 1) , however, a clear-cut increase of cerebral rCBF values was found. This case and the late increase of the EEGindex in S. J. make it probable that a certain time may be needed for the adaptation of the cerebral circulation and metabolism before AW3
